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3X{i4(c|^<7)iji^«ck-if^^. : 

iooou 

C0002] 

•f^^Tii, s i Otm(nmm:wm.^'^y^i^b t 

i^*«SnT<'^^. Hll{c«e3lWitcJ:0f^§n 

^yrArms.\ 1 0 0±ti:GaN 
TtfiJBl l.O U Xh9'fr«Si 02*>/i,^rS«SStt 



S1R^^-7;^:71 102. nSGaNay^'^'Ml 1 
03. nSAlGaN^'^vHiBl 104, nSGaN 
3K;y^ Ym\ 1 05, I no.aGao.gN/I nj.osGa 
0. 95 N|;aM^^#F^1tJi 110 6. PSG a 
1 1 0 7 . S i OiWm3rf7.i^ 1 1 0 

\mm.ti V -y y 5^ 1 1 2 0 Srwti. pS 

AlGaN;79-yH;il 108. pSGaNay^'^h 
ill 10 9. nmGaNa>':5'7Ml 10 3±{CJ^^ 
SfUtnS^l 1 1 0. pi2GaN3y^^Ml 1 

0 9±{CX h T^tcmStl^pfflny ^'^ Vm 1 

1 1 i*»4,fil^§n-cv^s. 

[0003] nSGaN3>':?^'hjil 10 3J4. Wi. 

>mmMr^x9 1 1 0 2}L\izwm,zmi,'^i\x\^h 
tiK i^mmmmmi^^^f^i^ 1 1 o 2<m^^G 

aNT«!® 1 1 0 l±3&»^>jg; 0. H¥*«ii-ft:tigo 
T. ^«fcffiiBH4i^JS^v;^i? 1 1 0 2±^bmiii 

auay^i^hmi 1 0 3**-^«sL. M^-<omtLxm 

[0004] !f^i^T'«4. nSm 1 

1 1 0*^^,aA$tutflSg*»nMGaNrjy:5'i5'h;il 
1 0 3 Srffi^Tliiltciim. y •/ i^'X h 5^ 7lfi§ 112 0 

[0 00 5] 

if I 10 2±c7)naGaN3y:5'^hSl 10 32r€i^ 

*«o . vm^y-sfif 1 1 11 mzf\m-h-& 

X^l 102±«0ni[GaN3y^^'Ml 10 3*?: 

mth-mi^^hht/i. im^m.^^:^if 1102 

<Otf'C>fiEl 1 5 0fcfflS-ri)nSGaN3>':J'^h® 

iiostcti. ^mm^^mx/timA-^mmix 
1 1 0 3im.Lxmmz'^tti^mm^'^m':> 

it, 

[0006] ^mmmwi^-^m=^-m 
fifii«4 5~i40fii:ig<. ^(r)t^(r)mm.'>?. m 

T'CO^^fSJ** 1 5 0 I^SmTfc S*»< . 3K-f -f X :? 

=f-mm-^^mmzwm^tift. 

[0007] ifmi\i±.MSmj^im.^X^j:^ixtzi:,<r) 

mf-ffm'fm^i^<L. ^hiz^wi^~^^'i-<m 

[0008] 
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1 mma. mt . .smv ^M.^it^mmiii¥^ 

[ 0 0 0 9 ] ^ 2 tfO^SJi. ffiE««ttSJ?^;S-7X 

tmer>?)-^(nimmwimxt:^x'%' tmkm 

[00 1 0] §/i>jc. ig4o^st Lx. mdmitm 

•CR«fflO<OB5fB3 y ^ ^ tiX 

n^i:m-h^mwv-^m'f\.zi5\^xm\m.ii^ 
[00 1 1 ] $/i>{3. msfcit^me^st tT(i. fr 

[00 12] m70¥SttT{±. 

b. friffiS^;Sv>^^'2itxi(ne3>'^^5'hii±^rtci!'^ 

mmm^mm.Jk'^x^^jiyi-y^L. ^mtrzm 
moy^y hm±.^zmm:m^-fhJMt^^-rhz.b 
^mibthLbfizx*)^ -ay^^Ymiizmmh^ 

[0013] 

h^bMmotWjiW !3r*5, mtiZW<.hm.it:^^} 
s. O^t. s + tgl) Sr-^tftcOtt-S, 

[0014]. cuifecojg® 1 ] 0 1 \,z^m^<r)m.\t^'} 

1 >f*f flUtJi, r TS« 101, 



A 1 N^-v-y7r®l 0 2, nMG aNa^:? hg 1 0 

3. msnm^intO^mh^jimnkwmMr? 

Xi/IOA. Si 02)i*>-i>^l,ffiMHtSim;^vx> 
1 1 0, H^l4««0S»itGaN«ga!Eihll 0 5. nM 
A lp.iGao.9N:J'9»/KSl 06. InGaN*^fi 
?^#F«tt® 10 7, P S A 1 0 . , G a 0 . 9 N 7 -/ H « 
108, pmGa.n-3yj^9VmiQ9. pH^ffil 1 
1, nM€ffil 1 2*>^>fflS;SnTV^«.. 
[OOlSimTtC, 06<O (a)*>(5> (c) i&fflV^r 

limmm^zw&m-i. , wmmmim:^ (ot, m 

(NHa) , II immbLXy^)3ii-)V^^)^J>.. 

(CpjMg) , iiS^!fef:LT*yj^9y«:fflV\ 

[0016] t-f, MOCVD||M{^T1^7r^r^«i 
1 0 lCB±t, Al Ny'<.y7r®l 02S-^§50 0 
Atr, nSGaNay^'^'Ml 03Sr5$ 1 OjumT 

[0017] -JS, fflBaSfrSrMOC VD^Ei OK 

03 (isfl:-f yj^-^A, jgfii^sixi o-*ft • cm) 

1 0 4$-'>xy\-^BB{;Jl 
3 0. 3/JLmim.-ti,, Cli-C, #mi4SS?fiit;gvx^' 
104{i, ^>'^>y^'>J>'^^atCTIn2 03-Sn02:^ 
-y>yhS:fflV\ ArE:^3l0-2tor r, WmSJS.A 

5 0*C, O2:«-ffi3Xl0-norrtTJ¥$0. 3// 

vimmh. civi-c, «mtt3ij?B£;^vx^' i o 4<ojig 

t;^: nSGa N rj y M 1 0 3^M<0 

[001^1 iJCfc, 7*M^i;xh«r-7;!^^'fcLT4S^b 

m4Mm<DXhy^rmzm^i-i>. li§0. 
3/xin<os i 02*><^,'5r*«MHi3HI?Ji)c«T;^^' 1 10 

imn<Dryx-?it^msim ( p-cvd ) ^i&fflv^ 

X , #mttSSIR^;^VX^' 1 0 4 1. 0 m|SIK;t b 
i ^KliiK; 2 8 Ou m(/)t&mmm^'?X ^ l l O ?r 

J^^S. CCIT, <i i-20>^ri6]t=;^h7^nje 
t^mttStJM^gv;^;? 10 4, ^MHtSJR^Svx^ 

1 ioi:nmGaNay:^^hmio3±.izmmmzm 
&th. vxk^xizjmLfzw^mmmme 

i a ) tS^-f". 

[00 19] C:<Oj:dtcUt, nSGaN3y:?^'>Jg 
1 0 3±iZX h r«i03»mtt3aiM^V>^^ l O 4 
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i 0 5 ox:izxnmiG a NmsEffiih® 1 0 5 mtm 

lOQ ■ cm) SrnSGaN-jyrJ'^hjil 0 3*>^>ll 

^L. mmtfi±.nmmm.G a Nmstiijiji i o s )&» 

•c. mm/mmi^'7x^ 1 0 4fcj;i^im^Htss?«:S 

v;^^' 1 1 0<7)M55r*^ ^(D±'^<r>GaN^&<7)Vfiii 
^ma-mm^^LXa^ . T«<^nSGaN3>':5' 

^ 1 0 BT&^najLTv^smctjv^Tw;^. n;^ 

GaN«g5miUil 0 5<OjaiigtJjiff-r§. :t;^U i 
OlI^tilGaNmSSIlihSl 0 5m&&Mi:1limth 

zb^x*}. ^ffifiiG a NmaaajJi i o 5 

(&I^<0*gfi«S*^@^ 0 . ^mitStRlS;^-?^:? 1 0 4 

*5<ki;^ffiigH4saR«:av;^^' 1 1 o±^t^^tisa*« 

ffl-rs 1 1 J: 0 . m4Mm(DX h y-( y^(Dmm^ 
^^-^X^ 10 4 (Omm^il^tl 1 X£ mttl^ffitiG a 
N^SIiajta 1 0 Stci ««ttSS?m^ 
VX^' 1 04<^tt"C>a{fc:®2/*m<^B8Pll|51 443&<jefi!t 

[0020]i^V^-C, mm,GaN^m}kM10 5b 
RIPaP 1 4 4 J: a (CnSA 1 0. , G ao. gN^ 9 «y 

K1106S:J?$0. B/zmT-aJit, SfeiaSSrSO 
OrtTtf, I n G a N*-'jt^#FVi§'a« 1 0 7 $r/P 

s snmx-mii.mzmi.m.io 5 ort^atp 

MAlo.,Gao.9N^'9«yH«108^»§0. 3/<m 

X\ pSGaNny^'^^bHl 09^1f $0. 5/zm-C 

h.jxttxmm^iihmxmmmmme (b) 

[0021] wiEnmmmmmmMocv 
Dmmx OK 0 as EMmmmmmiii±imo x 0 
tepsigfisi 1 1 miR-th. lestts!*?*;^^ 

J^:?! I pcO-gP^X-y^y/LnSGaNn h 

;iio Brutus -tj. z<7)±iznmMmii2i:mm- 
h.Mttxizwm^nmmxmmmmme ( c) 

ftaiC'>X^N-^li 3 0 0 ;u m , ^$ 5 0 0 

. xim^tih, 

10 0221 at. *^J2:I^Uv:^«sW 
■frnf-Xli. nmfmil2i)>t><^WSiH. nSOaW 
3 y^' ^' M 1 0 B fc J:tf^me^!Rfi!t:l'7X^ 1 0 4 
OigPSJ 1 4 4(0A.^mLX I n G aN#-fi^#Fi§ 
e«10 7fc^$tiSC:f:k'3:^. iixfciO. JS* 

10 4, mt^lR^^-rXi^ 1 1 0±-C'C02E 
*i*»4.<0G a N^ig^ft*>'^M-SX h5'f rjgt^* 
'CmOGaN^i|iSftJil&«|«J6Ci:^:<, m,^^ I 



n G a N*-fti^#F«14® 1 0 7 {caA-f S vl fc *^ 
&tfHi 6- 1 5 Q tffi < , *>oKif^fc 4 ~4 . 5 V 

bwmzm<^tztifix'^ti, :$mmm^i¥i^- 
•m'f-ieo'cm^. 5mw<7)mnx'mmm^^ 

bifiX'^t:. 

[0023] $ <?>ic, ^m<7)^mi¥i^—fmi-mmiz 
itm. mmitmm.^'^x ^io4<oxh5^7iat 
msKG a Nnssio&itJi 1 0 5 c^js^i^t, mum 1 

[00 24] ^fc, :^mmmb LXH. IntOMt: 

mmmsi&^-7X9 io4b txm^^tcti^. mi:s 

^f^r. iieHfiSJ^^'Ji. S i O^m^m&MiK 

^^•7xif 1 10 bLxmmuz-^. g-fiii^unys-ffl 
[0025] :^mmBmxumnmi4 4ff)m 

^2)umi;L3t*^ COili^O. 5)um, 4Mm, Sju 
ib/zmfc^SftS^TfttHUfe^NlftW-f^^tC 

a5i4 4«i|S^^-tSfc^7t-?T(i. Xh^'fT^CT) 

#€14jSS?fig«-7X^' 1 04co«gi:ii;ffil>i;GaN«oiai 
iUi 1 0 5 <OJi!t:Sl^ia*«IWS i i J: 0 . S^fcH 

mx^^zbimmt^tx'i>^j:\>\ tti. :^mmm 

m^vxi? 1 1 OS:fflo;rc*>\ ^H4SS?fig«vx^' 
1 1 Oi&^vtt^Ct. QSBilSi^GaNQSSIlxUi 

10 5^zX*)m:^illfil!b. IBPa514 4{C«+tT 

m-zbii^mx'h*), :^m(7)m:i:mx'^t:. t: 

m^y:}^^ hmi 03i:m&^-t^fzibt,Z^ GaN^S^ 
fa<^«®1S3il 0 5~ 1 0 9 5r K7^x-y^y7't i 0 

mit&xmmt:izmb^j:i, m'>x. ru^x<r> 
wimM.i^t,\t. mmnm>mm^^y^<^ 1 1 

(TMX *)m<-t&zb mrnx'h h. ttz. ^^mmcom 

mX\imt^m,-^'7Xif 1 1 0<0<B^.2 8 0Mmt 
tt^ifi. (i^20jum, 100;um, 300/im, i:^ 

[0026] §/i>lc. *|li6}glST'Ji. SIH=^t;tJ: 

t L-T ( 1 - 1 0 1 ) mtimi:jt(.i>fcib. zeomom^ 
mmm^'f:- vtzxmm-i>f::if^mtz^iv,'^j:m, 
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mmiii^mmm(2. o)^. inGaN*-ji?# 

Fvgttll 07 comm^ ( 2 . 8 3 ) i < . I n 

G a m-A^^wmm 1 0 7 izi(tbxmm.ij\^cr^ 

^VX ^ 1 0 4±fcjg|$ Ufc nSA 1 0. 1 G ao. 9 N 9 

•yh*®10 6<OlliS:0. 3//infca^c00. 5)Uini 
0»<-C^|.?t«>. ^'^•y^'**±l:^rV^JiJi:iEH (0. 
5//m*S!) TnaAlo,iGao.9N^'9.!'Kffll 06 

*«t'$S. fi^oT. nSAlo.iGao.9N^5>/K 

« 1 0 e±iz^j'^^j:< t hm^iihA^m^^m i o 

7, paAlo.iGao,9N:75-yH«l 08<^iSattt) 
[ 0 0 2 7 ] ^ C: T\ 1 0 4 tffl 

mt 5: 0 . 1 0 Mmmifztmmm t ^j:imnm 
2umis*h 3 jumtc^ffli-rsratmgsiiajhflco c m 

0. 3*'^>o. 5 Mm</)fmti'ntu\ ^h^z^ mm 

ffiamSv::^.^ 1 04±izm&-ti> nMA 1 ,. i Ga 

0. 9 N ^ 7 ••/ f;i 1 0 6 (omma. 9v y ^prntsntiii 

KJi, 0. lMm*»A,0. 4M,mcO^*<aitV\ C 
CT, ?Stt« 1 0 7 \-:mh ^ 9 ^^Siitt 
^^ffiitfM:^-^;^:? 1 0 4 t nSA 1 0. 1 G ao. 9 N 
7 0 6O2Bi7)^tfiifc'5r0. 0. 6*»'i>0. 

mm^tRmM'?x^mi(r>7smtn'i/z{hb^j:& 
mb^j:^ioiz. ^^mimti>zbizx*). 

y-fm^t:^x^t:, ttz. ^mff)Tijizmm 

ib. ^y'ymmmm<xt. m^mizmmm 

ibiZbi)<X^. A l GaN^'^'y H®$rO, 5;um$- 
mthmM<bt:^izM.htiii'yri'm±.Z 

^X%h. 

10 0 2 91 i'minm.2 ] mi6.m% i <mmm. 



fiUili. nSGaN^201. nMGaNyN*-/7rf 

202. nSGaNay:J':^he2 0 3, nSSb^ 
SnO2l*>^>^S^i;ttSS?figftVXi?2 04, Si3 

pSGaN«SSaajt«2 0 5. nMAlo.iGaj.gN^' 

5-yKe206. y^K-T*! nj. 2Gao.8Nft^#F 
St y y H -r I no. 01 G a,. 99 N©S«i: *>^>=3rS I 
nGaN|J«ft^#FJB2 67, pSA 1 0. iGaj. 9N 
^'5>yh'S208. pSGaN3y^'i?h«209. P 
S««i21 1. nMGaNS«c2 0imcnSlfii2 

i2*>4>«^$ix-cv^&. ^m^-^m-cm-iOQ 
[0030] ^^m<D^^wu-^m=FWkizx. mi 

pmGaNm^Mjkm2 0 5cr)^^'^(r)7f.X\ 

i>zbmmxhh. 

[0031] .OT{CE70 ( a ) *-4> ( c.) S-fflV^T* 

mibmmbif::. *-f> MocvDsstx. 

a«0IUtfnS!GaN3&R2Ol±fc:. nSGaNA-y 

7rl2 0 2$rJi§3 5nmT', nSGaNrjy^J'^' b 

«2o 3^jis 1 oumx^mt. mi^im, 

[ d 0 3 2 ] -K; KriBflfifr^MOC VDHaj: OK 

mmmtR^j^^xif 204 i:^:u\^±mizm^ 0 . 

a. XVN-.y U y^miiZX S n O2 - S b .y h ^ 
MV\ S^jaK3 5 0*C. 5X1 0-2t or rc7)Ar- 
02lg-&;«f;^4'JC-CJf $ 0. 5m mm^lfcm. X .y 

[0033] Si3N4lSA»^>=5:SjeigH4Si)M;S 
'7;^^'2 1 O^m^O. 3>LtmT'ji^OP-CVD^?r 

fflV^T , ^mttatf?JS;SvX:? 2 0 4 *-^> 1 0 At mWl 
iibz:^t,zm)2S0Mm(r>xhy-^ y^commtSSi 
2 1 0 s-JK^-f i if. < 1 1 - 2 0> 
^r|6l(CnSGaN3:^^J? he2 0 3±{:x h^'frtt 
(Oil 5 jLt m cO^mttStlM* 2 0 4 2 8 

0 AmcOteMH4aS?li!t^^X^' 2 1 0*Wiffl?eB£$^i 
S. Ja±*fKf^Sfl«S©§IgBrH0^07 (a) , 
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[ 0 0 3 4 ] s-K, Moc V Dmmmzma^mx 

E 1 0 5 0*C{CT pSG a N«gSffljhil 2 0 5 $: 5^ 
(nl(GaNrjy:J'^'h«2 0 3*>^,]M^-C'<0 
ig§ ) If $ 5 /xm. § /1,1c:. #mttSaRfi!c«VX^' 2 0 

4mm±comnu 244 3 m tc^i. i 3 {= 1 ^ 

3ns. iXi;, pMGaNSgaiil:S2 0 5tgBPSI52 
4 4 i&Sa J: 3 K nMA 1 i G a o. 9 N ^' 9 «y HJi 2 0 

{f, ^§2nm<oyyH-7'I n,. zGao.sNM^^F 
lS:2Si:Jf$5 nm<oyyH-ri no.01Gao.99N 
Kai<^I nGaNi;M^#FJi2 0 7 2:«JiU iX 
{^a^iaS 1 0 5 O'Ct^S t P SA 1 0. 1 G ao. 9 N 7 
^•yHS2 08SrJf$0. 3/xmt\ pSGaNay:? 

[00 3 51 iJCfc. Z:ftJ^(0SJi1tm^MOCVD 
iggi OlRDajL. H^«<p«Ji18ji«^±fc:pSm^2 

1 iS-J^fi^S. naGaNa«2 0 1Sti{in 

M«si2 1 2mmh. mut.x'\,z^m^tu:i^mw 

[0036] ^mmi>Zii\^X i> , 1 cOHSiSJgSKD 
^ftl^-im^fcl^l:. «mttS»?lR*vx^^2 0 

4t3j:t^iteSH4ilS?^;Svx^'2 1 0±cOGaN^^^j^ 

«2 0lSffl*>^,^HtSm^^X^ (SnjOalS) 

2 04S-:ft-UT, I nGaNi^fflli^?gttJi2 0 7t:m 

0 Q t *gS<OS>Sll9ll6feMJ: 0 $ 

4. 5Vi:iRjS$fl, 6 0-C#ffl^+, 5mW^T-C 

7 8 0 0«raJ':il±i:e5j»T'Si?t. 
[ 0 0 3 7 ] $ /oiC. *5i6HB-CJi««ttSiR)Sft-7X;? 
2 04 TftS S nj OaJicOX h 'y^frmH PMG a 

«iajtS2 6 5<7)^mw\'c: «saA$^^l»^□g^52 
4 4 ^11 ( «seiss ) mmm^i)mmm< mm-^ 

t>25mAiitimT^. m=e-}^mm:mm^i^ 

$/c>tC. nSGaN^2 0 1«J:p^r#IH^«i<7^ 
®tnamfiS2 1 2 J'J^jST^ Sfe«)IIJfe<^® 1 J: 0 

[ 0 0 3 8 3 *IIStJ^HiiTi4, «tttta«2:fflv^ 



fcuB^L^ s i 3 Nim-^^j:mmMm.^-^^i^ 2 

m2 0 5<7)imblXitEAmzii^j:t>^j:\,^ii'. ^Stt 

=5r< . mmm^^yi-^ 2 1 ommmtm 
[00391 Lmmms 3 m3iz*m<Dmit/fv 
3 (o^i^u-'fm'f-mmi. ^yr^ rmu 3 0 1 ± 

(C, AlNA'»/7Te3 0 2. nSGaNny^'^'h^ 
3 0 3. ^^ttSSJjSfiv;^^ 304. i&SH£i!f^^ 
■7:^^310. ni!GaN^fflflijg3 0 5, nSAl 
o.06Gao.35N^'5>yHe306. /yV-ri n^.z 
G ao. 8 N»^#F® t y y K-7- 1 nj. oi G aj. 99 N 
KSl*»ic>=5rSI nGaN^*t^FS3 0 7. pS 
Alo.o6Gao.95N^'7-y Hii3 0 8. pSGaNay 
^2?hJl3 0 9. P®«li3 1K nS«ffi3 1 23!)»^> 
1ifi£$n-CV^|,. ^ftcl^>-if^Wl|S4 0 0;t/in, ^ 

50 0 m m ^ X-C^y rt §*fC V^S . 
[00401 mzm8(D ( a ) *»^> ( c ) SrfflV^T* 

mimmiz^mti. vmm. 1 1 iim. 
[0041] t-r. MocvDmuizx^y T^rm. 

301J:{:. AlNA.y7Te3 02^Jf$50nm 

X\ naGaN3y^;?h®3 0 3SrJi§l O^im-t^ 

itJtf^. -iS. itnaam^MocvD^giOKO 

^^304^. XJ^y^V yi^mzXl 112 O3 - S n Oa 
^-y>ybi&fflV\ Arffi:»3lO-2torr. SSCffiS 
450'C. O24)-E3xl0-5tor rtCTJi^O. 3 
jum^ nMGaNny^'^' b«3 0 3±0^fflt:jgdtL 

[00421 <iC(;, ytVUl^XVi'^Xi'tLXiSL^ 
^OX>y^y^}glCt: S ni» I niOsii**^)^:!.^ 
«ttai!l?fi!c:gVX^'3 04^i|i4/imfcm-tl.. S<5> 
fc. S i O.Ji*>ii>^Si^ttSJM«VX^' 3 1 0& 
W$ 0 . 3 At m-ca^<7)«^ b'-A^«ffiS:fflV ^X 
i^'-kmf.zm^L. 7>yB!i^X-yf-y/}S^fflV^-C. S 
njRSD I nj03l8*»^^rS#mttSH)M^^X^' 3 04 
±cOS iOMi)^^^J:h^'^mM:^X^3 l OS: 

l^-ri). ClOvitiO. <i i-2 0>:firi6]tili2iu 

304*^ SiO,ii>!»><o'3:§iffiigtttatl?fi&^^X^3 
1 O^zX^m-iz^^yf-Thtixhiiom^^tih, \:XL 

08 (a> .{Cfl^-f. 
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[004 31 US. MOCVDim^iZZ(0'^xJ\-i 

r^X9 3\ 0±tcS«taSl 0 5 0X:(CTnSGaN^ 
ffl^3 0 5SrJf§4>um. nSA 1 o.osGao.ssN^' 
5'yKii3 0 6Sr»$0. 3 ixmX'mL . Wmmi 
TSO-CtW. yyK-7-Ino.jGao.8N#F®S: 
lf$2nmt2Si:yyK-7-I nj.,, Gaj.ggNltM 
®SrJfS5nm-C3Ji<7)I nGaN^aST#F;i3 0 

7*fliJBL. »:fcs«[iaei o 5 oric#aupSA i 

0. 05 G ao. 95 N ^' 7 -y H« 3 0 8 S:J¥§ 0 . 3 ;u mt\ 
pMGaN3>^'i7hJl3 0 9Srff§0. S/xm-CJiiX 

ixttumwv-^^^ms (b) fc^-t. 

C 0 0 44 ] aB«m$rMOC VD^gJ; OK 
OtKb, pSGaN3y:J'^'M3 0 9±(CpSSIi3 
1 iSrm-ri.. 7:rM^>''xh (iasva-f ) ^ 
VX^fcLT. ^>iflBtflscO-gS^x.y^y^^LnSG 
aN3y:J'^'h®3 0 3S:ISa3$-^, C:i7)J:{cnSmii 
3 1 2S:}g^^l.. JaJ:*T{Cf^§fL7t^«cl/— !f 
^i^imiglBrii0*08 ( c ) izirct, gSifc»>x 

[ 0.0 4 5 ] ico J; oiiZLX. f^Stl^HSftJgffico^ 

GaNay:?^' hfl3 0 3a®fcnM«ffi*«-Cl' S 
SIS?^«-7;^7±OGaN^^f^:®{C3©tSm 

f\^smmw^mmmm^'^'i:< ^ hmg a 

N3y^^hJ13 0 3, #mtta!S?«;S'7X^'3 0 4\ 
nSG a NTje-fb^ 3 0 5 , n^A 1 G a N /J' 7 -x YM 
3 0 6 il:^bTl^aa^#FaiM3 0 7 {zm^^il 

[ 0 0 4 6 1 § ii>t:, {4. pS«fii3 1 1 

fit*&$ii!t€85{i, mimm.^'?xi^ 3 1 oxm 
'^ttimmmm.^-?^:p3 0 4 ^mssaissi: lt 
sm.i>. ic-c> iir^mttsm;&vx^'3 04<o«a 

7 3 1 ojimsaiihJii: \.x<r)'m,-k-^-^hfdih. mss 

Sfit^Bf, 100 00l^Sc7)|^5ril^Tl'yt:. 

[00471 mwifmA. ] 04fc:3|5iiBHc7)Sfl:xry 

-f7««401±K, Al.NM*'y7TJS4 0 2, nSG 
aN3>'^^'H4 0 3.. ^SttSHIMlb'?;:^^ (Sn 



^01 njOs®) 404, nMGaN^a'fbS4 0 5. 
nSA 1 0. o5Gao.95N^'7 «y F«4 0 6, K^T* 
I no.2Gao.8NJ|^#FSi:/>'H-n no.oiGa 
o.99NREgjl*»^^|, I nGaN|JM^#Fil4 0 
1\ pSA lo.osGao.ssN^^-y HJi408, nMA 
lc,05Gao.96NmSS[iaibi4 88. pMGaNny^' 
^ M4 0 9, pamffi4 1 1 , ni[lfii4 1 2*>^18 
E^tlTV^I,. ^TiJ, ^it:U-iftg^-9-'(X{4i|i3 0 
Ojuin, ^^5 0 0umTh*). ^^V-^=f-t:m 

[00481 mric, 09O (a) *»^> (c ) SrfflV^r 

[004 91 ^-f, MOCVDgStCT1?-7r>fT«« 
4 01±K, Al NA.y7re4 0 2Ji$5 0nm, n 
SGaNriy^'^hji4 0 3Jf§5//m^ai-rS, 
CO'^xA-S:, -S, MOCVDgaiOKOUJL, n 
S^ttSrSrf S n^jD I O3 Ji*><s>5r«.^mffiaS? 
lS#vX^'4 0 4SrlI§0. 3/imJgj«-rs. JJcK, 51 
JKSSIlfclRl^^fig^r^l^T, Sn^Dl naOaJi** 
^>=5:SS8?Ji!t«vx^'4 04S:«a3;um, ^m^S-^l 
nm<,Zim.^t. Ctl-C, Xh9>fr«<0SnaS!lDl n 
2 O3 Ji*»^>^-i.^«ttSJfM:l'7X:7 4 0 4 2r nSG a 
N3y:5'i?hji403 itSiaWfifeSfLl. CI t i: ^: 

fflHS:09 (a) tl^^-f. 

[00 501 ss, ^ocvDmm.Hz'mmmx 

L, ««tt3aiM:S-7;;?.^4 04i:naGaN3yiJ'7 
KS4 0 3±(CS«iffl]S 10 5 bXJt-C nSG a N^ffl 
imAOS^m^Atxm^ nS!A Ij.osGao.ssN^'^ 
•y HJS4 0 6 0 . 3 mT'Sii L , mWS>B.i 7 
SOrtCTff, yy>'-ri no.2Gao.8N*^#F® 

iW-^2nTiiX2mh yyY-ri no.01Gao.99NK 

5 n mX' 3 1(50 1 n G a N#aji^#F® 4 

0 7 ^ s« L , 1050 °ct#fi l pMa 

lo.o6Gao.95N:5'7-y HJl4 0 8SrffS0. 3/xm 
f, nMAlo.o6Gao.9BN1tSKItihl488^0. 3 

[00511 1(riea®«cS:MOCVD^gJ: O*? 
xM-i^JROffiU, X-yf-y^^fCiOnffiA lo. ofiGa 
0. 96 Nmaiii:«4 8 8{C^DIS54 4 1 I. . 15 

iEigpgi54 4 icoj^figiaiii, '^'m<nT-H[zimth 
mwrnrnMr^x^ 4 o 4 <o#^tts«j^rttcfiffr 

[00521 SS, MOC VDSSW^fflB'^xA-^ 
iaPa544 1, naAlo.o6Gao.96NmSaa 
il:i4 88&i;pMA 1 0. osGao. 95 >y H14 0 
8±KpMGaN3y^'^'hJB4 0 9i&J5$0. 5/j.m 



(8) 



^m^l 1-3 1 284 0 



<o9mjmmm9 ( b > ^m, 

pSGaNr?y;5'^'bJ14 0 9±(Cpa«ffi4 1 1 
>h«4 0 3^l5ai$-a-. i<^±{Cna«ffi4 12t:}e 

[0054] :mimmco^mi¥i--^m^-c\i. ns 

m4 1 2<iSimtt3im:^v;^i7 4 0 4 J: *)Tmzm 
iSSfiitnaGaNny:?^ hS4 0 3 fc}gJi!t$*l-Cfe 

fKftVX^'404*/i«nSGaN^a-(Ui40 5. A 
1 G a 7 -y HJi4 0 6 Sr:ft-Lt:?Stt«4 0 7 IZ^X 

Wmm^^X 4 0 4 ±<^G a NJ^i|i^«cifea$:1t 

5^14nTJ>D. 5mWaj*l§<0firf^mflEtt3. 9- 
4. 8Vi:«<t'#yi. 

[0055J :^mmmX'ii. nSAlo.osGa 
0. 96 NmSSffiiI:«4 8 8 i: L-T nSAl G.a N^^affl 
L^*^ &^AlGaNiiSr3ifflLTt^<, 
tti: ±iB<0llMJB®i:a{a'|SI^<^t><^*«#/5>ti 

hxdizmr^zbf}^ mmi^bmmizmti\>\ 
[ 0 0 5 6 1 $ <i>ti. :mmmm<7)immb lt , mm. 

mmm-7x^izmmtt:^-^ffym'f-i:imt:f^t z 

4 04imiLt:^i.*)h2mnmmx.i^. i-^ 
X . mmMr?:^ 9 fc Lxwm^'mthmM 

[ 0 0 5 7 ] $ /otC, *%BHfciDV%T . PS«®4 1 1 
ii^h<m^i^;.mm!,t. «S5lfl±^4.8 8l;}gfi&§iTyv: 
IBP«4 4 1 X%Wm9i^ii. § 4>fc:. SttJliOT* 

\zm.'fhm\mmm4(i4-km.xm.ht^>h. 
mmmjmfwmm^btsih^Lt^zx'^. mm. 
mkm&x;% , mm^-^Yim%\Jiwi^<rim*'j: 

ffTT'^uct 12 0 0 ot^mj±<m^m 
[0058] immmm 5jm5 iz:$:^m<^mit:^v 

l%BB<Oi|i««cW— tfSJ^fllJUi. nMGaNSttJSOl 
nSGaN-'N''y7Te5 0 2, nSGaNJlSG 



3 , nSS b^S n Oj/i*^^>^S^«tt3iJIM:^V 

j^^' 5 04 . s iOim^t>^j:im&m:&^^^^^ 

510. pSAlo.o5Gao.95Nl:mita555. n 
aAlo.iGao.9N:?7-yH«5 0 6. y^K-TI n 

0. 2Gao.8Nft^#Fli:/yK-ri nj.oiGao.gs 
HmmP^mh I n G a N^£5'^#FJi 5 0 7 . p 
SAlj.,Gao.9N^'7>xHii508, pSGaNrjy 
^'^hBSOg. pMmfiiSll. nS^512*>JJ> 

i8ftsnTv%s. ^yrv^xim40 0Mm. 

[OO59imTtC01O<^(a)*^<i> (c) 

^rajrmietciiws. vmm. mm 

[00 601 il-f. MOCVDIiatT. #«ttnSG 
aN««5 01±fc:. nMGaNyN'?7rS5 0 2i&^ 
§35nm-e. nSG aNny^^' hg5 0 3S©§ 1 
OAcmT«at&. . 

[0061] -s. mmmMocvD^xm'otii 

1. nS»«tt^*'tS b^DS nOi1)>h^j:mmi 
mm.^-?Xi^5 0 4^:m^0. 5umm^tl. 

x\ s hmtas n 02i)>h^j:mmimmM'7x^' 5 

04{4. X^^^iS^m^m^K JSI8iaKtt3 5 0*»/5 4 5 
OrtCTtrd^a^), Sn^Dl naOaCO^lSSiO® 
mzxmmx^?>rzl!^. EtBUcnSGaN^y^J'^J'h 

Ji5 0 3aHt^fcJ:o»^tv\ <ji:t. iiifij^ss2 
b mm^j:mmmizx . mmmm.^-7x 9504^ 
m fj^mff):^Y^^r^i,zmm'i>, i^z. <i 1-2 
o>-)jmzxv3^rmznmG&ii-oiy99Ym5o 
siAz^msm^-^x^ 5 0 4b (mmii^ 1 0 

b^shXo^Z. «B3&5*«;2 8 0;um(0SiO2*>/?>^|,ite 

mmm^-^xi/ 5 1 omm-h. \^j±tx'izm 

( a ) iiZjTit. 

[0062] SS. MOC VDllSrtfcBtne'^xv'N-jS: 

#At. aigiaSl 0 5 0iCC-CpSAlo.o5Gao.96 
N«gaijhii 555S-S§5;um. ^miSStlMiRvX 
^50 4*tB±<OB!a885 4 4<0@*«3 //mtC^rS i d 
ti ' 6:«-^^:^L. ;i^rj^<7)pMAlo.o5Gao.96N 
WiffljtSSSSSrJgfiJt-rs. <Xlc. pSAlo.osGa 

0. 98 N«si[iiitia 5 5 5 fc ggpsj 5 4 4 i&a a J: 3 n 

SA lo.iGao.9Ni5'7«yHl506S:J¥$0. 3/<m 
■r-«® 8 0 0-C{cT(f . 2 n mco/ 

yH-T-I no. 2Gao.8Nfti^#F®2®i:W$5nm 
O/yH-ri no.«,Gao.99NWSJi3JlO#Sfi^ 
#Fii 5 0 7 SrSil t . iXtSMiaS 10 5 0 'Cfc#ia 
LpMAlo.iGaj.gN^'^-y He508i&JfS0. 3 
/im-?, pMGaN3y:?^h«5091&l![S0. 5ju 
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[006 31 aJBftJrMOCVDilgibJIXOaj 

pSGaNr;y^:?hS509±fcpS«ffi5 1 1 

Sriai 0 (c ) {c^. gf^fOx^N-SrM^Oi-afc 
[00641 2|s|llftJglt^c:tJ^r^T^. nWMMS 1 2*» 

m^^mm.-^'^X'^ 504. ^tttsm^gvx^? 5 
[006 51 ^^y^z. ^mmizt3\.^xii. ^m±mi: 

[00 6 6] ^3t, *lli^ffiTlinSlSSSrnSGa 

Nay^^fhMsosmmizm'rtitiK mmtmi-xh 

S nSG a N««^ 5 0 1 SlB^lBtC n^m^J^lS tT 

3. 8~4. 3Vt. nSGaN3y^:?bB503{C 

«"C^yt:. *iNI«tV-if#^<06 0r#liSi«t>, 5m 
W^T-e<0»#tt 1 5 0 0 Ol^Sf J>oit. 
[0067] 

[^Bflco^ami jifflti. c: t i 0 . mnzj& 

MbmnmiR&^'7x^i:-frtX'mmzm.^tLh 
fzif>. ismx&mm. ^^izmmmzmitz^ 

[ 0 0 6 8 ] $ 4> izii. mm^^R^^-ixmmm 
mi)^^mmLjkMt:m&-t&^tizx 0 ie^fitftcm 

mx'^ h. 

[01] ^^m<^mmm i og-ft^y u •^i.^s^t'^iBjiii 
m2 ] *f|BBcos5J6»ii82<oafl:xry -^Aj^b^iijjiti 



[03 1 *!%B8<osiit?^)B3<Dafl:;5ry ^j»mc^m^ 
mw\^-^m=f-mmmmx'h h . 
[04 ] :^^m<rmmmm4<Dm^*j ^j^mt-^m^ 

[061 %Wm. 1 OSjk;y 'J Ai^<t-^i|i^«cP- 

[08] ^m®3cOg^byU';7Ai^£^i|i««cl^- 

[09] ^{teJgffi!4<0g^;yU'>A^^iftif^ft:l/- 
■f^i^«Of^it^0T'fcl.. 
[010] 5 <^g^b{f U A^l:^!|*li|i#i*c^ 

[011] 

Brffi^0T*&. 

10 1.30 1. 40 1 -9-77^ rw^ 

102. 302. 402 Al N^N'-y^rJi 
103.203.303.403.503 nMGaN 

104. 204. 304. 404.504 #1E1£8jK 

10 5 ^g^GaNmgiaajhs 

106. 206. 506 nSAlo.iGao.9N^9'y 
HI 

10 7 I n G a N#-J|^#FvS1tJi 

108. 208. 508 pSA lo.iGao.9N^'7-y 

Ym 

109. 209. 309. 409. 509 pSGaN 

110.210.310.410.510 JHittSHI? 

111.2 1.1.311.411.511 pSSfii 
112.2 1.2.312.412.512 nMmffi 
144. 244. 44 1. 544 IBPISJ 

201. 50 1 nSGaN^K 

202. 502 nMGaNA.y7T® 
20 5 pMGaNSSIUl 

207. 307. 407. 507 InGaN#M*i=^ 
#FS 

3 05. 4 05 nMGaN¥iaft;l 

306. 406 niSA 1 0. osGag, 95 

308. 408 pMAlo.o5Gao.95N^5>yHJB 

488 nfflAlo.osGao.ssNmggffijhS 

555 pSAlo.o5Ga,.95N1|aaajlJl 
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